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Reseexch condustec during the period of this co~tregt was conswirngd
priazeily with HAgter lair « whether the susespibllity of rsmmalian ¢ells
o viyus infection 5 xicered by rreening ang 2torace unasr liguid ~itro-
gen, Although sowme invostigations ware mrde with se-called pltoged gell
straine such as Hela and Kb, prluery Xnesus menkey xildnoy €alle were usad
¢s the blolnglcsl svstem for mosty ¢f this resesrsh. Theve primery cells
vere chosen because of thelr wlde range of virus susceptibillity, their
relstive ease .f growth in vitre and the censistency of repreducililiity
of exparimentsl vosults. The west «lgaificeant findings resulting from
this resezxch were as foll swsy
1. “rimary Rhesus r nkey kidney cella may be preserved by liquic nitrogen

refrigoration with an sdequate per cent survival of visble and blolegleally
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active celle, previded the $nitial harvest of prisary cells from freshly
excisod kidneys weze cultured in viize Defere freezing.

The lmpinger vessel, developed under » previeus contract (AF-41(605)-2467)
waz used successfully in preserving cells by liquid nitrogen refrigere-~
ticn 2nd in other experiments! procedures. /Z1though the rates of
survivel in liquid nitrogen refrigerstion of both the sltered cell
striins end prisery monkey kidney cells were satisfactory when the
cells vere frozen in ispinger vessels, the resvlts were not 28 9000d as
when both types of cells were frozen in ordinary 1l.2-ml empules.
Following freezing, liguid nitrogen storage, snd thewing, prisery
zonkey kidney cells regularly sbsorbod type I peliovirus when spzrexi-
oatoly 10° cellc were inoculated with 20-100 plaque-forming wnits (FFU)
end incubated for 2s 11ttle es thirty minutes. The numbers of cells
that abeordbed virus increased with an {ncresse in the length of the
period of incubation and sith an increese in the multipitcity of FFU

in tne inoculum.

“hen the pultiplicity of FFU in the inoculum w2s st & very lew level
(50-100) no eviden:o of the release of new virus was observed below the
irncubatisn period of seven hours; however, during incubation pericds of
sgven to twelve hours lerge mumbers of cells were infected and the re-
leass of new virus into the culture fluid was observed repestedly.
Freliainery electron micrescopic observations of primery menkey kidney
celle which had been infected with type I poliovirus revesled evidencs
of virus replication threugh cytologicsl changes and the sppearsnce of
specific virus~-like particles. These slectron elcrescopic ocbsarvations
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were sizilar to those reperted by esrlier investigators who have studied
the infection of primery monkey kicney cells with poliovirus by means
of olcctren microscopy. Improved techniques have made 1t possible to
cbasdxve structures in greater detall. is s conssquence, we have been
able to chierve siructures nhich we intarpret as mature virus particles.
~uth particles were not observed in esriier studies with polliovirua
infecied primory monkey kidney cells.

rrimazy morkey kidney cells preserved in impinger vessels under liquid
nitrogen refrigeration were infected when exposed to an serosol con-
tsainsted with type I poliovirue (LSe). rhen sssayad by the plague
technique, the titer of virus repliceted Ly the cells were compsrable

to that of the original inoculum empleyed in the serosol. The plaque
morphology was characteristic of the Lic astrain of poliovirue,

The exparimentzl program conducted through the present centract hes
demonstrated that primary Rhgsus monksy kidney cells presarved by liquid
nitrogen refriguration constitute a resdily available bioclogicsl systea

for the $aclation of virel egents in serxosols.
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TEXT OF REPORT

I. Int tion

Inzsmuch as this is a Final Report it is intended to present, with-
out nnnecessary detail, the experimental results obtained which have con-
tributed significant and useful information toward the objectives of the
research program. In addition, the experimental data obtained since the
last Progress Report (Report No. 6, dated April 21, 1967) was submitted,
are included in this report.

The over-all objective of this research program has been to de~
termine the influence of 1liquid nitrogen refrigeration, including freeiing,
storage, snd thawing, on the susceptibility of mammslian cells to virus
infection. There has been an awareness, &lso, that the primary ohjective
of the present program is directly related to the previuus research con-
tract (AF-41(609)-2465) which involved thz development and testing of a
"viral Impinger Vessel for the Storage of Mammalian Cells end Sempling of
Viral Agents in lerosols.” Consequently, the sexperiments on virus ad-
sorption and replication by the cells have been conducted with the lowest
poesible multiplicity of virus.

I1. Liquid Nitrogen Refrigeration of Marmslisn Cells in Ampules and
Impinger Vessels
A. _h St neg=- nd KBe=-Although this
laboratory has had success with a program of long-term liquid nitrogen

refrigezation of sixteen mammalisn cell lines in 1.2-ml ampulaes (more

than five years), it was considered thst the impinger vossel, becsuse of its
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greztar volume (spproximetely 30 ml) might preewnt physical con-
41tions which could influence sdversely the rate of survival of the
cells during the procesc of freering and storage. Determinations
were made, therefore, of viable cells of strain MHela snd strain KB
whieh survived liquid nitrogsn refrigeration when cells rere frozen
in 1mpinger véscele and oxdinary ).2-¢]l ampules, Identical a2ii-
quots of cells from single harvests of in vitro cultures were frozen
in impinger vassels and 4n ampules. After a period of licuid
nitrogen storege, the cells were thawed and visbility cell counts
were made using trypan hlue 23 a differential vital st»in., The
sversqes of values obtalned, expressed as per cent of viable cells
{number of live cells idivide: by the total number of ¢ells frozen)

" vere as fdllowsl

topules I Vessels
e B Hele LS:)
90.30K8 63,84 T3.8%" 70,00%

The sbhove iata repreient the avarage per cent of viable cells
from ceunt: made from ten ampules and three impinger vessels for
each of the two cell lines.
D. Eximery Rhesus Mgnkey Kidney Celle Froaen {n Ampules.-~It has been
reported that freshly trypsinized and versenated primary cultures eof
moakey kidney cells have been preserved successfully at «730C (dry
ice), (1,2). It was reported, slso, (2) that freshly ¢rypsinizod

(1) wah.rq' Ce Sey ntﬂ‘t“l. Vo Aey Peoe, R. Hey, and Dezman, L,
Virolegic uvse of monkey kidney cells presezrved by froezing. #Proc. oc.
Cxp. Blole Mad. j0}i4i5-418 (1959},

{2) Beem, lazrc C. Use of cell bhanked menkey kidney cells for the
teoistion of respirstory viruses, Bsct. Proc. 1964, p. 131.
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kidney cells did not survive freezing aq? thawing neaxly ss well as
ths versenated primary cultures. These observations have been con-
firme! and axtended 1n our lesbozatory with liguid nitrogen zefrigeretion,
it f¢ well known that the stable cell lines such as Hels and XD

withstand trypsinization with high per cent recovexy of visble
cells. However, when fresh monkey kidney tissue fragments sre
trypsinize! nany cells are killed, perheps as much as 30 per cent,

A comparison was made, therefore, of tho rate of survival in the
freczing znd thewing of freshly harvestel kidney cella ani those
\that had unsergonc>ono, two, ond three subculturss Lefure freezing.
In {hese experiments oll of the celle wers frozen in 1,.2-a3l ampules.
The <ots obtalinai, Table 1, show that the rate of survival after
freezing on! thawing was Jdistinctly higher when the cells were
culturod than were those freshly harvested. The results of the
first cnd second subcultures were gssentlally the same (84% and

83, recpectively); there wos, however, on appreciable drop {n the

survival of calls harvested from the thiri subculture (7&).
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Toble 1. Cormparotive Counts of Xonkey Kidney Cells Before cnd /f{ter
Liquid Nitrogen Fresezing (Trypon Biue Stain)

Call Count x 10°

Type of Cell % Rec
ym po overy Aversge
wuspens<lon Frozen Thawed

freshly Trypsinized Kidney 45,4 19.0 41.8%

LQ.E ¥ R 12,9 24,85
ldm 38.4 12.6 22.8%
Idem 42,7 14.7 34,42 35,98

First Suvbeulture 1.2 17.8 83,986

m 2700 22.‘ 82.96

Ide» TTe4 22,0 80,29

Tdem 27,7 23.6 85.19

Tdem 24,% 22.9 89.79 84.44
cecond wubgulture 23.6 21.6 91.82

!32' 24,4 18.0 7. 17

!dﬁ 2642 23.4 89.31

Tem 19.7 15.4 78.17

Eﬁ 1%.8 12,7 80.37 82,63
Third _ubculture 38.4 29.8 77.60

M 33.4 24,2 T2.4%

1des 5.4 26.2 74.01

m 36,8 29.1 79.07 795,91




*fter oarllor experiments ha! demonstrated that the rate of survival
of monkey kidney celle {n 1imuid nitrogen refriqersztien vas grestly
{ncreased vhen nrimery cells r~ore cultured in vityo before freezing,
a5 cooprred «with freshly horvested cells, thls information wos

ucad to some a22vontage in the preservation of primary monkey kicdney
eolls in impinger vessels. uring the subsoguent coursze of the
rosesrch progrom Thesus monkeys wore sacrifice? st varying intervals
anl the kiinay cells which were harvested were routinely cultured

tro, fteor monolayer: h:d Joveloped, these roplilly prollferating

abiinud S

(79
2
<

c2lls ware hrrvestel by trypsinizction rnd sliruote of approximatoly
2 106 cells vere tranzfarrai to the cell cups in » !-~rge numnber
imsingor veccels which were then szubjectod to the routine slove
freezing procesc, and refrigerated under 11 wmuild nitrosen. In this
nanner seversl petchos of calls wero stored 1n Iminger vessels nt
il fferent tizos with the result that nn aderunte supnly of frozen
celly were avallaile for culte~uent oxparicentation. _hen visble
cell counts wara made cn the cells nfter thawing from thirty of these
vessels, the averags per cent of survival was 55,94; the highest
value was 623.40 per cent an: the lowest 46,79 per cent. £ survivel
vilue of 50 psxr cent represents approximotely 106 visble cells.

1t was evident from these results with primary monkey kidney cells,
25 woll as those cbtalned esrlier with Hela and KB, that masmalian

cells do not survive freeziny and liguld nitrogen storage in the im-

. pinger veseel 35 well 25 in the much smaller ampule. Although »
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level of survival of %0 per cent is sdequate for the puxpose of this
particular prograzm, it 13 of intereast to speculate regarding the
difference in the results obtained with the impinger vessels ss com-
pared witii the ampules. No calculated effort hes heen made as yet
tc resolve thls varience. It is highly probable, however, that the
dj fferonce can be attributed to the fact that the slow-freezing
spparatus, being adjusted tc accommodate a specific quantity of
l.2-~m1 ampulaes, does not lower the temperature at the most favorable

rate when the larger implinger vessels are employed.

I11. Primary Monkey Kidney Celle Infected with Virus Asrosol and Incubated

without wWashing
Monkey kidney cell suspensions in impirger vessels were exposed

to a virus aerosol in tha vacuum glove box, described previculsy in Pro-
gress Report No. 3 (April 7, 1966). After infection, the vessels were
incuboted at 37°C until virus replication was complete as indicated by
nicroecoyic obsexvation of cytopathoiogy. The flulds in the vessels wore
harvested and the virus titers weie determined by the plaque method on
duplicate 3-02z culture bottles of primsry monkey kidney cells. As a
control, an sliqust of the original inocculum was 2itrated by the same
procedure. The average plaque counts obtaired during un incubation period

5

of 6 days from the 10”4 and 107° cilutions of the original inoculum and

the harvested fluids ere presented in Table 2.
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Teble 2. Plequs Counts of Viris Isslated froz Aerosel-Infeeted
Monkey Kidney Cells in lapinger Veasel

T of Inocculum Mlutien

ype ~3 Y )
Original Inoculum m"g >100 >100  Conf
Criging) Inoculim 10" 43 64 Conf
Harvesiod Fluld 10:; 83 96 Con¢
Hasvasted Fluid 10 a 24 27
Harvested Fluid 10:; a2 5100  Conf
Hozveated Fluid 10 18 3% 43

Conf = cenfluent

The titer of the originsl inoculum and the fluid harvested from the im-

pingar vessele naay be caleulated os follows:

Griginal inoculue 10°.3%/m) (pty)
Harvested fluld 10741381 (ptu)
Hsrvested fluid 1072 1 (ptu)

The morphology of the pleciss was essentislly the same in all of
the bottles end woa charactorlstic of plaquo morpiuology ¢f the Lic strain
in primsry monkey kidney cells undar agar overlay. Alco, as was owpested,
the titer of virzus ehtsined by flwpinging the 2010801 was somewhat lower
than thet obtalned from the ordginsl imosulum. This 13 acscunted for by
the rolatively casiler mmber of cells in the impinger vessel availsble
to zeplicate virus e comperdd with the calls that preduced vizus in the

eriginal inogulua.
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V. Experisents] Date Obtained jinge the Laet Pregress Repert

It was reperte. in Progress Report Ne. 6 (April 21, 1967) that
primovy monkey kidney cells that had been preserved in the lmpinger
vessel under liguid nitrogen refrigeration for approximately nine msnths
wore capeble of adsorbing type 1 poliovirus (Maheney) when the cells were
incculated with approximately one hundred plaque-forming units (pfu) end
ingubeted st 37°C for # maximum of thirty minutes. ¢hen the cells were
wished thoroughly after the incubation to remove unatisorbed virus, spproxi-~
mately four per cent to eight per cont of the inoculated virus had besn
adsorbed as sessured by plaque assay of the washed cell sucpenslon. More~
svar; #5 much as ninety per cent of the virus particles {pfu) inoculated
esre identiflied as being present in the infected cells snd the washing
supernatante. Although the per cent of virus adsorbed by the cells was
rolatively swall, edecuate evidence of virus perticles having been ad-
sorbed by the cells was cbtained. There was indeed evidenge of cell-
virus interacticn,

subsequent £o thes Progress Report of spril 21, additions] experiments
have been conducted in which coneiderably less than 100 pfu have been unéd
in further investigation of the multiplicity of virus particles and the
initizl pexicd of cell-virus contact required fer virus adserption snd
cell infection. These studies includa; 21s0, detemminetions of the ainimm
timo required for the relsase of new virus replicated by the cells fol-
lcwing brief excosure to low multiplicities of type I polievirus. 1In
ad4dition, some preliminary investigations of the replicatien of poliovirus
in prisery menkey kidney c¢ells by means &f electron micrcscopy hsve been
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carried out.
5. Infertion of Primgry Monkey Kidney Cells Following Liguid Nitrogen

Refrigeration with Low Multiplicity of I'oliovirus varticleg.~~\ series
c? experiments were corducted during the period of ‘pril 1% - Decemberxr

1y 1967 in which primary monkey kidney cella from twenty-one impinger
vessels, which had been preserved by storage under liquid nitrogen for
2 pericd of nine %o fifteen months, wers inoculated with low rulti-
‘pli«:itias o* tvme 1 poliovims (Mahonoy). After inaculatlon theso
sam'es of ~ells wero incubated at 37% in contast with +ha tnocu'um
for rericis ranging from thirty mnimres to *welve hours. 3t the -~on-
~Iuglon of the incubation period, the cells irem oash Individua! ex-
periment (impinnar vessel) woro weshed to renove -~ampletelv 2he un-
aisorbed vivus, and the washing surorna’ants and “he washed -el?
susranzions vere assayed for anilve pollovizus Yw moars ol the nlacue
tachnime with ronolayer hottle ~ultures of Ireshiv harvested primary
=antoy kidnoy ~ells. The procedures employed in these exporinents
wore tha sane as ‘hose described in Prograne Newort Mo. &, dated
April 21, 1267.

The data obiained from the above msntionad a:gporiswn!s are nre-
sented In Table 3. From these da‘a the i2)lowing observetions are re-
voaleds

e A\ snall mumber of virxus partlcles are adsorbed consistently

by the cells when the incubstion pericd (ce)l-virus ‘ontact)
was 1imited to thirty minutes and vhen the incculum -entained

as little as %0 “o 100 plaque-forming units (pfu). Moreover,
2 high per cent of the Inoculated virus was found in the

vashing supermatant.
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Table 3. Summary of Plaque-forming Units of Type I Poliovirus (Mahoney)
As Detersined by Plaque Assays of Infected Primary Monkey
Cells and the Supermatants Obtained from Yashing

the Cells

Vessel Incubation No. Viabdbie PFU PFU in PR in Total PFU

Ro. Period Cells Inoculated Washings Cell Susp. Asaayed

e o et e e e
1 30 min 460,000 %0 K 7 2 "
2 R nin - 838,000 50 32 9 4)
3 20 min 1,125,000 a8 23 9 32
4 X min 976,000 28 17 1 18
o) 32 nin £24,000 70 66 ] 67
6 30 min 1,060,000 20 67 7 74
7 0 min 804,000 20 a3 4 44
g 4 hrg 810,000 60 25 16 41
Q 4 hrs 1,064,000 80 50 16 85
10 S hrs 704,000 90 2% R 47
11 6 hre 470,000 20 100 'S 118
12 6 hro $00,000 66 17 16 23
13 7 hrs 732,000 66 3 26 3
14 7 hrs 1,240,000 90 A7 207 824
15 8 hrs 1,088,000 78 1 34 5
16 8 hrs 1,240,000 76 455 17¢ 633
17 8 hrs 1,200,000 114 783 128 o1t
18 8 hrs 1,120,000 20 1066 130 1196
19 10 hrs 764,000 T8 R 750 1078
.9 10 hre 1,152,000 76 1305 640 - 1945
21 12 hes 1,060,000 8 998 708 1706

PPl plagie-forming units.



2. ¥hen the incubation period was between four and sqven
hours the numbder of virus particles (pfu) sdsorbed by
the cells was incressed substantially. However, there
was nc ndication of the release of new virus when the
pericd of incubation wac less than seven hours.
A, (uring incubation perlods of seven tn twelve hours nmy
colls were infected with virus partizles (pfu) and there
was clear evidance of new virus having heen relessed into
the culture fluid.
1
Nenato Dulbeczo and his asgoniates”™ rer-rted the results of evpori-
mente in vhizh 10 x 106 primary nonkey kidney cellc woere insculated

with 1.7 ¥ 107

plaque~forming units of type I nollovirus Brunhilde.
The cells vire incubated in -ontart with the virus insculum at 37%C
for forty minutes and then washed to remove unadsorbed virus. The
woshed infested cells were then in-ubtated at 37°°C for up to nine
hours. During the incubation reriod ! ml samples of the culture
fluld from the (nfe:ted zells were withdrawn for virug assay 3t the
{ntervals of Uy 25 Uy 6, 7.5 and 2 hours. These samples were stored
.. -15% until titrated for virus by the plaque technique on mono-
aywgrs of primar, monkey kidney ~ells. These investigators rerorted
that the release oi new virus was evident between 2 and 4 hours of in-
cubation and reached a maxinum afler about § hours. In throe orvpori-
ments, an average of 85 per cent of the ~2llg had started the "in-
fection process” by the end of the adgsorption rariod. The averacge

fina! yield of new virus was 0 %o 100 pfu rer infe-ted co!l.

Vogqt.

1

“Fronzea Kallman, Robley C. ¥1ilisms, Renato Dulbecco, a~J larguerite
J. Blorhystcs and Blocher. Cytol. 4, 301-308 (1055).
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In view of the fact that in cur experiments spproximately 10° cells

were expesed to only 30-100 pfu, whereas Dulbecco et &l ecployed a
very much hicher ratio of virus to cells (1.7 x 108 pfu to 10 x IO6
cells), the results of the two experimental programs cannc® be com-
raved preciselv. There ls agreement, however, to the extent that the
regults can be compared. In both Instances there was evidence of the
adsorptlion of virus particles by the cells during the first 30 minutes
of inzuybation. Horeover, it is reasonable to assume that tho very low
cultiplicity of virus employed in cur experiments could account for

the delay in the release of now virus from =4 hrs, as renorted by
Dulbecce et al, to ” or more hours, as shown in Tsble 3.

The da‘a surmarized In Table 3, as well as the deta prosented in
rrevious roports, have demonstrated clearly that primary Rhesus monkev
kidney cells wore infucted readily with type I pollovizus (L5 and
Mahcney) althouch the celle had been subjected previously to liquid
nitrogen refrigesation. Tt has been demonstrated, also, that such cells
are capable of replicating poliovirus In essentially the sames manner as
freshly harvested cells.

B. Prelinminary Investigation of the Teplication of Poliovirus in Primary

Honkey Kidney Cells by Means of Dlectron Microgcopy.--

Hothods.—~After incubation sericds from 2-10 hours the ~ells were

scraped fromt tha bottles, rinsed in phosphate buffered salino (~B3), fixed
for 3 minutes in P8BS contalning one per cent glutaraldeshyde and nost
fixed in one per cent tetroxide. Celle were embedded in Epon-Araldite

after the normal dehydration schedule, sectioned and observed in a



Fhillips 1000 eloctron micxos-ope.

Ohgexvations.~—then sludlied with the eiectron mi~roscope the
primary ronkes kidney -ultures a=ge asen to -ontaln several -ell
svmes (0.0., epithelial, flhrocvies, fitroblasia). Uany of the
ibroblasts sontimie o gwmthes!ze c<n'lanen precursor {{laments
{Cloure 2). TFigqure ! shows 2 wortion of *wo -ellg from a -ontrol
0l ture.

Threo hours afler Infoction the ~entral reqlon o7 -0lls are
filiad with small membrane Hound hodles {(igure 2, !M). These are
poobably the U bodies des-rihed by Kallman ot _a__!_.! {n their stuldv
a7 nollacinis inferted nrimary kidner -ultures. Thase strustures
have a'so heen reported hy other £nves+igatoraﬁ'3 studyving poiioe
virus inle ted Hela cells. .ilgo —resent &t thle stane ol Info-tion
are large agorecates of Jonse materie’ (Tinwre 3, V) similar to
what Dales et al. weported to be vironlas'i~ for!,

It L3 diffisult to correlate the proflles of the varlous cell types
at later stames of Infection. I%1 %¢ not clear whether this rorresents

a di{fereance in the sequence of events, with respect to time or

susceptibility to vira! Infection. In any event, crystalline arrays

1Kallman, ot al., (19%8) Fine Siructure of Thanges [ raduczed in
Cultused Cells 5 od t Speciiled Intervals During a Sinnle Crowth Cvele

of Poliovirus. g M Blochem Cytol. 4, 301-308.

diattern, C. F. T. and Daniel, . A., (196%) Repilcation of Policvirua
in Hela Tellst Clectron Microscopiz Chservations. Virology 26, 646.

3031“- E. g% al., (1965) FElectron Mlcroscopic 3tudy o the Format‘on
of Pollovirus. Viroloqy 26, 37°.

.’) "J



as observed by Dales gt al. and hy Mattern and Danie! were not seen
at any time from 2-10 hours post~infection in any cell type. Howevar,
in the preszent study some cells 7 hours post~infection contain
particles in the cytoplasamic matrix (Figures 3 and 4) similar in zize
(260-280 A) and morphology to mature polioviruses. Ksllman gt al.
were ndt adble to identify any particles resenbling mature virusese in
their study of pelio-infected cultures, In favorable regions, what
appears to be empty capsids are present (Figure 4, cp).

Further study concentrating on the sequence of events in specific
coll types may provide profiles in which mature viruses can be more
positively fdontified. Such studies axe 2185 noeded to test the
tentative interpretation that the sequence of events leading to

viral! formation differs in the various cell types.
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Fig. 1. DPortion of two cells from a control experiment. Ghows
chrematin concensation, rough endoplasmic reticulum with
large polysomes characteristic of fibroblasts. X 38,000.
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Fig. 2.
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Section of a fibroblast 3 hours after infection. Numerous
membrane bound bodies (MB) fill the central cytoplasm along
with numerous thin filaments (F) presumably precursors of
collagen. Also present are dense trgious interpreted as
viroplastic foci (VP). X 22,000.
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Portion of the outer cytoplacsm of cells containing many
particles (arrows) similar in size and morphology to mature
poliovirus. Arrows labeled cp indicate what max be inter-
preted as empty viral capsids. Fig. 3, X 75,0005 Fig. 4,

4 H5.000.
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